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CONTINUOUS-TIME ANALOG DELAY
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This patent disclosure claims the benefit of U.S. Provi-
sional Application Ser. No. 61/934,566 filed on Jan. 31,
2014, which is hereby wholly incorporated by reference.

BACKGROUND

Analog delay circuits are circuits placed along a path of
an analog signal to delay the analog signal by a certain
predefined amount of time. In general, an analog delay
circuit uses filters or similar elements to delay the analog
signal.

However, the filters affect the analog signal by causing
distortion and attenuation in the analog signal, which is
undesirable. Consequently, delaying the analog signal by
longer amounts of time can cause even further difficulties
from using multiple filters that compound the attenuation
thereby degrading the signal.

SUMMARY

In general, in one aspect this specification discloses a
device. The device includes a first terminal connected to an
input line to receive an input signal. The device includes a
first differential pair of transistors comprising a first tran-
sistor and a second transistor, wherein a gate of the second
transistor is connected to the first terminal. The device
includes a second differential pair of transistors comprising
a third transistor and a fourth transistor, wherein a gate of the
third transistor is connected to the first terminal. The device
includes a first load connected to a drain of the third
transistor. The device includes a second load connected to a
drain of the fourth transistor. The device includes at least one
capacitor connected in parallel between the first load and the
second load. The device includes a second terminal con-
nected to the input line, and wherein a gate of the fourth
transistor is connected to the second terminal. The device
includes a third differential pair of transistors comprising a
fifth transistor and a sixth transistor, wherein a gate of the
fifth transistor is connected to the second terminal.

In general, in another aspect, this specification discloses
an apparatus. The apparatus includes filter logic configured
to adjust an analog signal to produce an adjusted signal
according to a timing variable configured by a delay unit.
The timing variable is a ratio between a total capacitance of
connected capacitors in the delay unit and a transconduc-
tance of transistors in the delay unit. The apparatus includes
differential logic configured to subtract the analog signal
from the adjusted signal to generate, in continuous-time, an
output signal with a time delay that is a function of the
timing variable.

In another aspect, the delay includes an array of capacitors
connected in parallel, wherein each capacitor has an asso-
ciated capacitance. The delay unit includes delay logic
connected to the array of capacitors and configured to
individually activate capacitors in the array to dynamically
modify the total capacitance. The delay logic is configured
to selectively activate capacitors as a function of a control
signal.

In another aspect, the apparatus is a high speed wire-line
communication device and the input signal is a communi-
cation signal processed by the high speed wire-line com-
munication device.
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In another aspect, the apparatus is a hard-disk drive and
the input signal is an analog signal in a read channel of the
hard-disk drive.

In general, in another aspect, this specification discloses a
method. The method includes adjusting an analog signal to
produce an adjusted signal according to a timing variable.
The timing variable is a ratio between a total capacitance of
connected capacitors and a transconductance of transistors.
The method includes subtracting the analog signal from the
adjusted signal to generate an output signal with a time delay
that is a function of the timing variable.

In another aspect, the method includes individually acti-
vating capacitors in a parallel array of capacitors of the delay
unit to dynamically modify the total capacitance as a func-
tion of a control signal.

In another aspect, the adjusting is performed by a circuit
that is connected to a high speed wire-line communication
device and wherein the input signal is a communication
signal.

In another aspect, the adjusting is performed by a circuit
that is connected to a hard-disk drive, and wherein the input
signal is an analog signal in a read channel of the hard-disk
drive.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate various
systems, methods, and other embodiments of the disclosure.
Tlustrated element boundaries (e.g., boxes, groups of boxes,
or other shapes) in the figures represent one example of the
boundaries. In some examples, one element may be
designed as multiple elements or multiple elements may be
designed as one element. In some examples, an element
shown as an internal component of another element may be
implemented as an external component and vice versa.

FIG. 1 illustrates one embodiment of an apparatus asso-
ciated with delaying an analog signal.

FIG. 2 illustrates one embodiment of an apparatus asso-
ciated with delaying an analog signal according to program-
mable continuous time delay.

FIG. 3 illustrates one embodiment of a device that imple-
ments the apparatus of FIG. 2.

FIG. 4 illustrates one embodiment of a method associated
with dynamically modifying delay in a continuous-time
delay circuit.

FIG. 5 illustrates one embodiment of a device associated
with continuous time delay.

FIG. 6 illustrates one embodiment of a device associated
with modifiable continuous-time delay.

FIG. 7 illustrates one embodiment of a selectively enabled
capacitor bank.

DETAILED DESCRIPTION

Described herein are examples of systems, methods, and
other embodiments associated with a circuit for providing
continuous time delay of an analog signal. In one embodi-
ment, the circuit delays an analog signal by approximating
an all pass filter (APF), but without degrading the analog
signal. In this way, delay for high bandwidth applications
can be provided without degrading the analog signal. For
example, applications of the circuit include equalizers in
high speed wire-line communications, hard disk drive read
channels and so on.

With reference to FIG. 1, one embodiment of an apparatus
100 is shown that is associated with broadband analog
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continuous-time delay. The apparatus 100 illustrates one
implementation of an approximation of ideal continuous-
time delay. As used within this disclosure, continuous-time
refers to a clock-less implementation as opposed to discrete
time, which uses circuitry that operates according to a clock
signal.

In one embodiment, the apparatus 100 receives an analog
signal Vin on an input line that is connected to a filter 110
and an inverter 120. In one embodiment, the inverter 120 is
an inverting buffer with a gain of minus one. The filter 110
is, for example, a low-pass filter with a gain of two that in
combination with other elements of the apparatus 100 pro-
duces an all-pass (AP) function, which may, for example,
approximate an ideal all-pass filter. In one embodiment, the
filter 110 modifies the analog signal received on Vin by
multiplying the signal by a value given by equation (1).

2 Equation (1)
1+ Tecxs

In equation (1), s=2xf and Te=2*C/gm. C is a capacitance
of a capacitor that is connected in parallel with a load within
the filter 110. gm is a transconductance of transistors that
form the load in the filter 110. The timing constant Tc will
be discussed in further detail subsequently.

The inverter 120 (i.e., inverting buffer) simply inverts the
signal provided from Vin. That is, the inverter 120 changes
a polarity of the analog signal (e.g., multiplies the signal by
-1). Subsequently, an output of both the filter 110 and the
inverter 120 are connected to a signal combiner 130. The
signal combiner 130 combines results from the filter 110 and
the inverter 120 and outputs a result as a time delayed analog
signal Vout. The signal Vout is represented by Equation (2).

2 L Equation (2)
I+Tcxs

Accordingly, the apparatus 100 functions as a practical
implementation of an ideal all pass filter represented by
Equation (3). Equation (3) is a first order approximation of
an ideal time delay of the duration Td, where Td=2*Tc.

(1 -Tc *s] Equation (3)
1+ Tecxs

With reference to FIG. 2, the apparatus 200 illustrates one
embodiment of an all pass filter for broadband continuous-
time delay that implements Equation (2) similarly to appa-
ratus 100 of FIG. 1. The apparatus 200 includes filter logic
210, differential logic 220a and 2205, and a delay unit 230.
The apparatus 200 modifies an analog signal according to
equation (3) as shown in equation (4) below.

Equation (4)

(1-Tcxs
Vour = Vm( )

1+ Tecxs

For example, Input A and Input B are terminals that
provide an analog signal (Vin) to the apparatus 200. In
general, Input A provides the signal with a first polarity (e.g.,
positive) while Input B provides the signal with an opposite
polarity (e.g., negative) relative to that of Input A.
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In one embodiment, the filter logic 210 implements a
low-pass filter according to Equation (1). In one embodi-
ment, the filter logic is configured with a gain of 2 and a
cut-off frequency given by fc where fc=1/(2p*Tc). The filter
logic 210 is configured to delay the analog signal by an
amount according to the timing variable (Td), which is
determined by the delay unit 230. In one embodiment, the
timing constant (Tc) is determined according to a ratio
between a total capacitance of the delay unit 230 and a
transconductance of a load in the delay unit 230. The timing
variable Td is similarly determined since the timing variable
Td is proportional to the time constant Tc. Accordingly, the
timing variable Td is determined according to the same ratio
of the total capacitance of the delay unit 230 and the
transconductance of the delay unit 230.

In one embodiment, the delay unit 230 includes a hard-
wired timing variable. That is, the timing variables set upon
manufacture. Thus, an amount by which the apparatus 200
delays a signal is fixed. In another embodiment, the delay
unit 230 includes an array of capacitors connected in parallel
that can be individually activated to change the timing
variable (Td) and thereby change the amount of delay
imparted to the analog signal.

Accordingly, in one embodiment, the delay unit 230
includes delay logic 240. The delay logic 240 is configured
to individually activate capacitors in the array to tune (e.g.,
adjust) the timing delay Td. By individually activating
capacitors, a total capacitance (C) of the delay unit 230 can
be changed. Adjusting the timing variable Td modifies a
time delay imparted onto the input signal since Td=2*C/gm.
In this way, the apparatus 200 can be controlled/pro-
grammed to introduce a particular amount of time delay into
the analog signal.

In one embodiment, the delay logic 240 is connected to a
control terminal that receives a control signal. In general, the
control signal may be provided by a controller of a network
interface card (NIC), a hard-disk drive (HDD) or another
source so that the timing variable Td may be tuned according
to a particular application.

Continuing with the apparatus 200, the differential logic
220q and 2204 are configured to subtract the analog signal
received on the Inputs A and B from an adjusted signal
provided by the filter logic 210. The differential logic 220a
and 2205 provide time delayed signals as Output A and
Output B. As in the case of Input A and Input B, Output A
and Output B are simply two versions of the output signal
with opposite polarities. That is, for example, Output A has
a positive polarity, whereas Output B has a negative polarity.

FIG. 3 illustrates one embodiment of a device 300. The
device 300 includes the apparatus 200 of FIG. 2 incorpo-
rated with a component 310. In one embodiment, the com-
ponent 310 is a hard-disk drive, a high speed wire-line
communication device (e.g., gigabit device), or other device
with a high bandwidth (i.e., high data throughput). Accord-
ingly, the apparatus 200 functions to delay an analog signal
for the component 310 under high bandwidth conditions
without substantially degrading the analog signal. While the
apparatus 200 is illustrated as being separate from the
component 310, in general, the apparatus 200 is disposed
within a single device with the component 310 to delay an
analog signal on a read channel in relation to the component
310 or to act as part of an analog transversal equalizer.

FIG. 4 illustrates one embodiment of a method 400
associated with providing continuous-time delay for an
analog signal. In one embodiment, method 400 is performed
by the apparatus 200 of FIG. 2. At 410, the timing variable
(Td) is dynamically modified according to a control signal.
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In one embodiment, the timing variable is modified by
selectively enabling capacitors in an array of capacitors to
change a total capacitance of a delay unit. In this way, an
amount of delay imparted into an analog signal is program-
mable.

At 420, a signal that is to be delayed is received. In one
embodiment, the signal is a communication signal, a read
channel signal and so on. While 410 and 420 are discussed
in series, of course, the timing variable may be modified at
any point during method 400.

At 430, the analog signal received at 420 is modified
according to the timing variable (Td). In one embodiment, at
430, the signal is passed through a low-pass filter and the
Equation (1) is applied to the signal. Subsequently, at 440,
the original analog signal is subtracted from the output of
block 430 to provide an output analog signal with a time
delay that is a function of the timing variable (Td) that is
proportional to the time constant Tc.

Further aspects of broadband continuous-time delay will
be discussed with reference to FIG. 5. FIG. 5 illustrates one
embodiment of a delay circuit 500 that implements an all
pass filter according to Equation (4) in continuous time. In
general, the circuit 500 functions in continuous-time (clock-
less) versus discrete time (clocked).

The circuit 500 includes three separate functional blocks.
The three functional blocks are filter 510 and differential
logic 520a and 52056. Additionally, the filter 510 also
includes a delay unit 530. The filter 510 modifies an analog
input signal received on Terminal A and Terminal B accord-
ing to Equation (1) while the differential logic 520a and
5205 subtract the analog input signal from an output of the
filter 510 to provide a delayed version of the original analog
signal. The delayed output analog signal is provided on
Terminal C and Terminal D respectively.

In one embodiment, the Terminal A and the Terminal B
provide the analog input signal in opposing polarities. Simi-
larly, the Terminal C and the Terminal D provide the output
signal in opposing polarities.

As shown in FIG. 5, the circuit 500 includes four separate
load elements. The load elements are transistors 540, 550,
560, and 570. While the load elements are illustrated as
transistors, in one embodiment, the load elements 540, 550,
560, and 570 are resistors. In addition to including transis-
tors 550 and 560, the delay unit 530 also includes at least one
capacitor 580. As specified previously, a delay imparted onto
the analog input signal is a function of the timing variable
(Td). Remember that the time delay provided by timing
variable is specified as Td=2*C/gm. C is a total capacitance
of the capacitor 580 while gm is a transconductance of 550
and 560. Further details of the delay unit 530 will be
discussed subsequently with FIG. 6.

Furthermore, the circuit 500 includes three differential
pairs of transistors. The transistors of the differential pairs
include transistors T1, T2, T3, T4, T5, and T6. While the
transistors are illustrated as n-channel metal oxide semicon-
ductor (nmos) transistors, the transistors may also be
p-channel metal oxide semiconductor (pmos) transistors. In
one embodiment, a transconductance of each transistor is
configured according to a particular ratio between the tran-
sistors.

The transconductance ratios among transistors are
adjusted in order to achieve the proper gains to implement
the transfer function specified in equation (1) with the filter
510 and differential logic 520a and 5205. That is, the
transconductance of transistors 540, 570, T1, T2, T3, T4, T5,
T6 are the same (e.g., gm). However, the transconductances
of transistors 550 and 560 are half (e.g., 0.5%gm) of the
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transconductances of transistors 540, 570, T1, T2, T3, T4,
T5, T6. In one embodiment, if the transistors in circuit 500
are all n-channel metal oxide semiconductors (nmos) or all
p-channel metal oxide semiconductors (pmos), trasconduc-
tance ratios among the transistors are determined by design-
ing proper ratios among their geometric parameters, such as
width and length of device channels.

In either case, the terminal A is connected to gate G2 of
transistor T2 and is also connected to gate G3 of transistor
T3. Similarly, Terminal B is connected to gate G4 of
transistor T4 and is also connected to gate G5 of transistor
T5.

Gate G1 of transistor T1 is connected to drain D4 of
transistor T4, while gate G6 of Transistor T6 is connected to
drain D3 of Transistor T3. Drains D1, D2, D3, D4, D5 and
D6 of respective transistors T1, T2, T3, T4, T5, and T6 are
connected to ground as shown.

Drain D1 of transistor T1 is connected to drain D5 of
Transistor T5 and is connected to Terminal C and load 540.
Drain D6 of Transistor T6 is connected to drain D2 of
transistor T2 and is connected to Terminal D and load 570.
Drain D3 is connected to load 550 of the delay unit 530 and
drain D4 is connected to load 560 of the delay unit 530.
Capacitor 580 is connected in parallel between loads 550
and 560 and sources S3 and S4. Additionally, the loads 540,
550, 560 and 570 are connected to a DC voltage source
(VDD). Sources S1 and S2 connect to a bias current source
B1. Sources S3 and S4 connect to a bias current source B2.
Sources S5 and S6 connect to a bias current source B3. The
current sources B1, B2, and B3 are, for example, DC bias
current generators. While loads 540, 550, 560 and 570 are
illustrated as transistors, in one embodiment the transistors
540, 550, 560 and 570 are replaced with resistors.

Further details of the delay unit 530 will now be discussed
in relation to FIG. 6. FIG. 6 illustrates another embodiment
of the delay circuit 500. In FIG. 6, the delay unit 530
includes an array of capacitors 600 connected in parallel.
The delay circuit 500 of FIG. 6 illustrates three separate
capacitor banks, however, in other embodiments, the array
600 may include fewer capacitor banks or more capacitor
banks than illustrated.

Each capacitor bank of the array 600 can be, for example,
selectively enabled according to a control signal. Selectively
enabling different ones of the capacitor banks changes a total
capacitance of the delay unit 530 provided between loads
550 and 560. As a result of changing the total capacitance,
the timing variable (Td) also changes as shown by Td=2*C/
gm. Consequently, changing the total capacitance of the
array 600 changes an amount by which the analog input
signal is delayed as shown by Equation (3).

With reference to FIG. 7, one embodiment of an indi-
vidual capacitor bank 700 is shown. The capacitor bank 700
represents one embodiment of an individual capacitor bank
from the array 600 of FIG. 6. The capacitor bank 700
includes a first capacitor 710 and a second capacitor 720.
The capacitors 710 and 720 may have a same or different
capacitance. Additionally, each different capacitor bank may
also have a same or different overall capacitance depending
on a particular implementation. That is, a first capacitor bank
may have a first capacitance, while a second capacitor bank
may have a second different capacitance than the first
capacitance. Furthermore, while the capacitor bank 700 is
illustrated with two capacitors 710 and 720, in another
embodiment, the capacitor bank 700 may include only a
single capacitor either 710 or 720.

Furthermore, the transistor 730 selectively enables the
capacitors 710 and 720 by completing a connection between



US 9,698,760 B1

7

the capacitors when activated by a control signal on a control
terminal. In this way, each capacitor bank of an array can be
selectively switched on to modify a total capacitance of the
delay unit 530 and consequently change a time delay of the
circuit 500.

The following includes definitions of selected terms
employed herein. The definitions include various examples
and/or forms of components that fall within the scope of a
term and that may be used for implementation. The
examples are not intended to be limiting. Both singular and
plural forms of terms may be within the definitions.

References to “one embodiment”, “an embodiment”, “one
example”, “an example”, and so on, indicate that the
embodiment(s) or example(s) so described may include a
particular feature, structure, characteristic, property, ele-
ment, or limitation, but that not every embodiment or
example necessarily includes that particular feature, struc-
ture, characteristic, property, element or limitation. Further-
more, repeated use of the phrase “in one embodiment” does
not necessarily refer to the same embodiment, though it may.

“Logic” as used herein includes a computer or electrical
hardware component(s), firmware, a non-transitory com-
puter storage medium that stores instructions, and/or com-
binations of these components configured to perform a
function(s) or an action(s), and/or to cause a function or
action from another logic, method, and/or system. Logic
may include a microprocessor controlled by an algorithm, a
discrete logic (e.g., ASIC), an analog circuit, a digital circuit,
a programmed logic device, a memory device containing
instructions that when executed perform an algorithm, and
so on. Logic may include one or more gates, combinations
of gates, or other circuit components. Where multiple logics
are described, it may be possible to incorporate the multiple
logics into one physical logic component. Similarly, where
a single logic unit is described, it may be possible to
distribute that single logic unit between multiple physical
logic components. Logic as described herein is limited to
statutory subject matter under 35 U.S.C §101.

While for purposes of simplicity of explanation, illus-
trated methodologies are shown and described as a series of
blocks. The methodologies are not limited by the order of the
blocks as some blocks can occur in different orders and/or
concurrently with other blocks from that shown and
described. Moreover, less than all the illustrated blocks may
be used to implement an example methodology. Blocks may
be combined or separated into multiple components. Fur-
thermore, additional and/or alternative methodologies can
employ additional actions that are not illustrated in blocks.
The methods described herein are limited to statutory sub-
ject matter under 35 U.S.C §101.

To the extent that the term “includes” or “including” is
employed in the detailed description or the claims, it is
intended to be inclusive in a manner similar to the term
“comprising” as that term is interpreted when employed as
a transitional word in a claim.

While the disclosed embodiments have been illustrated
and described in considerable detail, it is not the intention to
restrict or in any way limit the scope of the appended claims
to such detail. It is, of course, not possible to describe every
conceivable combination of components or methodologies
for purposes of describing the various aspects of the subject
matter. Therefore, the disclosure is not limited to the specific
details or the illustrative examples shown and described.
Thus, this disclosure is intended to embrace alterations,
modifications, and variations that fall within the scope of the
appended claims, which satisfy the statutory subject matter
requirements of 35 U.S.C. §101.
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What is claimed is:

1. A device, comprising:

a first terminal connected to an input line, the first
terminal to receive an input signal through the input
line;

a first differential pair of transistors comprising a first
transistor and a second transistor, wherein a gate of the
second transistor is connected to the first terminal;

a second differential pair of transistors comprising a third
transistor and a fourth transistor, wherein a gate of the
third transistor is connected to the first terminal;

a first load connected to a drain of the third transistor;

a second load connected to a drain of the fourth transistor;

at least one capacitor connected in parallel between the
first load and the second load;

a second terminal connected to the input line, and wherein
a gate of the fourth transistor is connected to the second
terminal; and

a third differential pair of transistors comprising a fifth
transistor and a sixth transistor, wherein a gate of the
fifth transistor is connected to the second terminal,
wherein the transistors are n-channel metal oxide semi-
conductor (nmos) transistors, and wherein the first load
and the second load each have a transconductance that
is one-half of a transconductance of a third load and a
fourth load.

2. The device of claim 1, further comprising:

a third load connected to a drain of the first transistor,
wherein the drain of the first transistor is connected to
a drain of the fifth transistor;

a third terminal connected to the drain of the first tran-
sistor, wherein the third terminal provides an output
signal;

a fourth load connected to a drain of the sixth transistor;
and

a fourth terminal connected to the drain of the sixth
transistor, wherein the fourth terminal provides the
output signal, and wherein the drain of the sixth tran-
sistor is connected to a drain of the second transistor.

3. The device of claim 1, further comprising:

a delay unit connected in parallel between the drain of the
third transistor and the drain of the fourth transistor, the
delay unit including a plurality of parallel lines with
each of the plurality of parallel lines including at least
one capacitor connected in series with a transistor.

4. The device of claim 2, wherein the first load, the second
load, the third load and the fourth load are transistors
connected to a voltage source, and wherein the device
provides continuous-time delay of the input signal.

5. The device of claim 2, wherein the first terminal and the
second terminal receive the input signal in opposing polari-
ties, and wherein the third terminal and the fourth terminal
provide the output signal in opposing polarities.

6. The device of claim 1, wherein a source of the first
transistor, a source of the second transistor, a source of the
third transistor, a source of the fourth transistor, a source of
the fifth transistor, and a source of the sixth transistor are
connected DC bias current generators.

7. An apparatus, comprising:

filter logic configured to adjust an analog signal to pro-
duce an adjusted signal according to a timing variable
configured by a delay unit, wherein the timing variable
is a ratio between (i) a total capacitance of connected
capacitors in the delay unit and (ii) a transconductance
of transistors in the delay unit, wherein a first capacitor
is connected between a first transistor and a second
transistor and, wherein the ratio is based at least in part
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on a first capacitance of the first capacitor and a first
transconductance of the first transistor; and

differential logic configured to subtract the analog signal
from the adjusted signal to generate, in continuous-
time, an output signal with a time delay that is a
function of the timing variable,

wherein the delay unit includes delay logic configured to
dynamically modify the total capacitance to change the
timing variable and a resulting time delay by which the
analog signal is adjusted.

8. The apparatus of claim 7, the delay unit comprising:

an array of capacitors connected in parallel, wherein each
capacitor has an associated capacitance; and

the delay logic connected to the array of capacitors and

10

configured to individually activate capacitors in the 15

array to dynamically modify the timing variable,
wherein the delay logic is configured to selectively
activate capacitors as a function of a control signal.

9. The apparatus of claim 7, wherein the delay logic is
configured to dynamically modify the total capacitance to
change the ratio and the resulting time delay by which the
analog signal is adjusted.

10. The apparatus of claim 7, wherein the apparatus is a
high speed wire-line communication device and the analog
signal is a communication signal processed by the high
speed wire-line communication device.

11. The apparatus of claim 7, wherein the apparatus is a
hard-disk drive and the analog signal is a signal in a read
channel of the hard-disk drive.

12. A method, comprising:

adjusting an analog signal to produce an adjusted signal

according to a timing variable, wherein the timing
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variable is a ratio between (i) a total capacitance of
connected capacitors and (ii) a transconductance of
transistors, wherein a first capacitor of the connected
capacitors is connected between a first transistor of the
transistors and a second transistor of the transistors and,
wherein the ratio is based at least in part on a first
capacitance of the first capacitor and a first transcon-
ductance of the first transistor;

subtracting the analog signal from the adjusted signal to
generate an output signal with a time delay that is a
function of the timing variable; and

dynamically modifying the total capacitance to change the
timing variable and a resulting time delay by which the
analog signal is adjusted.

13. The method of claim 12, wherein dynamically modi-
fying the total capacitance includes individually activating
capacitors in a parallel array of capacitors to dynamically
modify the total capacitance as a function of a control signal.

14. The method of claim 13, wherein dynamically modi-
fying the total capacitance changes the ratio and the result-
ing time delay by which the analog signal is adjusted.

15. The method of claim 12, wherein the adjusting is
performed by a circuit that is connected to a high speed
wire-line communication device, and wherein the analog
signal is a communication signal.

16. The method of claim 12, wherein the adjusting is
performed by a circuit that is connected to a hard-disk drive,
and wherein the analog signal is a signal in a read channel
of the hard-disk drive.
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